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1. INTRODUCTION 
The formative development of the plant is extremely important to 
the grower, as it determines to what extent and during which period 
of the year the crop is able to convert the available solar energy into 
photo synthetic products. 
The agronomist is confronted with the problem of discovering the 
limits with regard to production, considered from the factors which 
càhbè affected by human agency. When analysing the productivity 
: MD.-sm c d ;". • •••> /• : 
of field crops one should like to be informed on both maximum and 
•actual'production ?pér uhiï?öfJ soil 'àurface. As availability of water is 
under rn'anyxonidiiionâ')^îï'ïnîtihg>la^tor':ior''pfJbductiont special atten-
tion will be given to the effectTóf mbîstû'rë conditions on the dry 
m a t t e r production of a pötat-ö rerÓp1 Th*f-' delation between t ranspira-
-iticin and dry^mattér próduttï'öö %è-particularly' Important with re s-
•-pe«t4o-iirrigatica*-pra.cticë.ç!;-)'-; ;X> ''•:'•'"••- '-'' 
:;;. The economical valu«; of the production i« largely affected by the 
distribution of ithe produced dry rri^tterbv«r the" Various organs of 
the plant. These parts of the plant, 'which !arè ttot of economical 
interest are in a certain sense ballast, but a necessity, however, to 
obtain good yields of the main products In this respect some attention 
willube .given tpi the distribution of dfcy mat ter óver the various parts 
-ofritheifplant for the potato crop. ' ' 
2. AVAILABLE DATA 
During ä number of years sprinkling irrigation experiments with 
potatoes were performed at the experimental farm of the Institute. 
A description of the available data concerning moisture content, 
irrigation frequency, crop development and transpiration were 
published in an earl ier paper (ENDRODI and RIJT E MA, 1969). 
During three years periodical harvests of the potato crop were present. 
In particular these data will be used to test an approach to net photo-
synthesis of this crop, during the various stages of crop development. 
The plant density was about 4 8, 000 plants per ha. The crop production was 
calculated for the same periods as those which were used in the study on 
transpiration (ENDRODI and RIJTEMA, 1969). ' 
3. PHOTOSYNTHESIS OF A POTATO CROP ,
 i( 
Quantitatively, the synthesis of compounds other than carbohydrate 
may be ignored during the growth of à field crop. This means that dry 
matter production is mainly the result of net photosynthesis. The 
phptpsynthetic process consists of several processes and for the present 
discussion the following remarks "have to be made: 
ciaa photosynthesis is a photochemical process associated with the acti-
; M vâtionof light energy for the reduction of ÇO-. This process is 
influenced by light and not by CO, or temperature; 
b . photosynthesis is affected by a diffusion process for the transport of 
CO. from the external air to the chloroplasts. The rate of thé diffu-
sion process depends mainly on the CO? concentration in thé' exter-
rnal air and in the leaf mesophyll, as well as, on the various resistances 
in the various path-ways. Light can affect the diffusion rate only 
indirectly through an influence on the stomatal diffusion resistance 
(GAASTRA, 1959); ° "'"'"^
 : !-i-
c.i {photosynthesis is influenced by biochemical processes reducing 
CO- tó carbohydrates. These processes are strongly affected by 
temperature and not by light and CÓ-. The efficiency of the bioche-
mical processes and the respiration rate of the plant, determine in 
fact the internal CO- concentration. 
The partial processes are affected in a different way by external con-
ditions. Each of these processes may limit the production rate under, 
field conditions, so it ds necessary to take all these factors ; in considera-
tion when calculating dry matter production. 
Since light energy is thé factor which can be determined...with the 
greatestea.se an.d aCcurâcy*;it is useful to take this variable as the main 
factor in a production function, while the other variables are used as 
cor rec t ion fac tors . 
For this r eason the approach given by DE WIT (1965) of photosyn-
thes i s of leaf canopies was used as bas ic t e r m for the production 
function. De Wit 's approach i s mainly based on solar radiat ion and 
leaf distr ibution functions. For a set of s tandard conditions he ca lcu-
lated the daily phot o synthetic ra te for ve ry c l ea r days as well as for 
overcas t ones, assuming that the light in tensi ty on overcas t days i s 
0 .2 t i m e s the corresponding value H on v e r y c lea r days . The light 
-2 c -1 
energy H i s exp res sed in cal cm day for the range of 400 to 
700 mu. Moreover , the external t r anspo r t r e s i s t ance r was assumed 
-1 a 
to be 0. 5 sec c m . The daily photosynthetic ra te under De Wit 's 
s tandard conditions at 52 nor thern latitude i s given in table 1. 
-2 -1 Table 1. The daily tota ls of light on ve ry c lea r days (H ) in ca l c m day" 
(400 - 700 mu), the photosynthetic ra te on ve ry c l ea r days (P ) 
- 1 - 1 o C 
and on overcas t days (PQ) in kg CEL O ha day for 52 nor th . 
r = 0. 5 sec cm" 
a 
Date 
H 
c 
P 
c p 
o 
15 
Jan. 
63 
131 
52 
15 
Febr. 
119 
209 
92 
15 
March 
195 
299 
143 
15 
Apr. 
295 
404 
203 
15 
May 
375 
485 
250 
15 
June 
416 
526 
274 
15 15 
July Aug. 
402 337 
512 446 
265 227 
15 
Sept. 
243 
350 
172 
15 
Oct. 
151 
247 
113 
15 
Nov. 
81 
157 
65 
15 
Dec. 
52 
114 
43 
The daily production .rate during each per iod was calculated, 
following the procedure proposed by De Wit, as P = F P + (1-F) 
-1 -1 ° 
P kg CH-O day ha , in which F , the fraction of t ime that the sky c
 -1 i s clouded, i s obtained from (H - H ) . (0. 8 H ) . H i s the mean 
C cl C C 
value of the radiat ion on c lea r days and H the actual mean value , 
equalling 0. 5 H , , where H , i s the global radiat ion. The production 
calculated in this way will be cons idered as the potential production 
(P J-v
 pot ' 
The calculated potentialproduction i s plotted in fig. 1 v e r s u s flie dry matter 
production obtained from the per iodical h a r v e s t s of the frequently 
i r r i g a t e d potato fields in 1961 (variety L iber tas ) , 1962 (variety 
•'.) er, 
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Fig. 1. The relation between the calculated potential production and the 
data obtained from periodical harvests 
• 1961 Liberias 
K 1962 Surprise 
'•''• O 1964 Surprise
 ;^0>..u, . 
-ncfol'u *ht 
:-: ;^::., .Jir..,i, 
"G? 
'69 c 18.7/2.9 
Surprise) and 1964 (variety Surprise). The potential production 'was 
calculated} starting from the day that the; crop came* up. The curves 
for 496^ and 1962 coincide, but thé 1964;clirvé deviates continuously 
frotii1 thé other one. The main reason of ,thié déviation might be the 
différence in the temperature conditionsduring the early stages of 
growth, which was in 1964 about 3 ceniigVade higher. 
The calculation of the potential production only holds for a crop 
which completely covers the' soil. Partial soil cover results in a waste 
Of light available for photosynthesis during the early stages of growth. 
The effect of soil cover on; production can bè eliminciJted by multiplying 
the 'calculated potential production^ by the fraction of the Surface area 
. covered by'the plant si 'J : j ; '- tu ' ; ' ' 
;:;Th« Values of the potential production have to be corrected in rela-
tion to the effect of the various resistances in the diffusion path-way. 
De Wit estimated the effect on photosynthesis of the exchange resistance 
r between the bulk air and the effective canopy surface. The data of 
- 1 - 1 
the exchange resistance r and the production in kg CH-O ha hr are 
a & 
given in table 2. The relative production rate with respect to the pro-
duction when r = 0. 5 sec cm is also presented. Assuming that the 
sum of the surface resistance (r1) and the mesophyll resistance (r' ) 
. s •• . m 
of the canopy equals under these conditions 4. 4 sec cm , than the 
corresponding ratio of the total sum of resistances with respect to 
_ 1 '•) 
r = 0. 5 sec cm is presented in the last column of this table. 
a . . . . . . 
Table 2. The external resistance r , the corresponding production rate, 
St 
the relative production rate and the ratio of the total resistances 
r P Relative 
a
 -1 - 1 - 1 
sec . cm kg CH-O ha hr production 
Ö.25 42.3 1.05 
0.50 40^3 1.00 
.. 1.00 37.4 0.93 
1.50 34.4 0.85 
2.00 - 31.2 j 0.77 
It appears from table 2 that the production rate at other values of the 
external transport resistance r can be approximated as: 
P = 0 - 5 + 4 - 4 p (1) 
r +4.4 pot K ' 
i. 
5 
0 . 5 
r 
a 
1. 
1. 
0, 
0. 
0. 
+ 4. 
f 4. 
. 0 5 
. 0 0 
, 9 1 
, 8 3 
,77 
4 
4 
It has beeni: showni (RUTEMA, 1965) that Jthe surface resistance of 
some c r opsj with respect to transpiration equals to zero under condi-
tions of high light intensity and optimum water supply. As the diffusion 
coefficients of H-O and CO- differ considerably, it is not necessarily a 
consequence that for these crops the surface resistance for CO- diffu-
sion also equals zero. When considering the production calculated after 
De Wit as the potential one, it includes that the given value of 4. 4 sec cm 
gives a minimum value of the sum of r' and r' . In the further discussion 
this value-of 4. 4. sec cm will be indicated for convenience as r ' , but 
it must-be kept in mind, that ijt.partly includes a stomatal termi 
For the potato crop under consideration it has been shown (ENDRODÏ' 
and RIJTEMA, 1969) that even under optimum conditions of water supply 
the surface resistance for transpiration is not equal to zero, indicating 
also a higher ,.surfa,ceresistance value for C02 transport. This surface 
re si stance rvalue is calculated as: 
wherer.r'istthe. surface resistance for CO_ transport, DH Q and D_ n 
the diffusion coefficients of H-O and CO respectively and r the surface 
•• . - , - . ' . ' w • • & ... S 
resistance determined from the transpiration data, taking into account " 
only the light depending term as well as the suction dependent term, äs 
the soil cover; term has been eliminated already. 
The production rate can be expressed under the^e conditions by the 
equation: 
1 ]
' p = *-?*i*;i-Ar* p - (3) 
r + r' + 4.4 c pot x ' 
cL- S ...... ..._ _ 
where s is the fraction of soil cover?... 
The efficiency of the photosynthetie process and the respiration rate 
determine the internal CO- concentration (BIERHUIZEN and SLATYER, 
1964). The lower the minimum CO_ concentration in the intercellular 
space, the more efficient the plant is in photosynthesis. 
De Wit assumed in his calculations that the internal carbondioxyde 
r ~ 
concentrations ;CO-|. equals zero. References presented by BIER-
HUIZEN and SLATYER (1964) show that this internal CO- concëütiration 
might vary from 0 - 250 p. p.m. , depending on plant species and 
temperature. The reduction in production, due to a smaller efficiency-
can be given by the ratio of the CO_ gradients. Under these conditions 
the actual production (P ) can be given as 
O
 C J. A A 3°0 » ICO, J. 
p 0.5 + 4.4 L 2d i p
 (4) 
a " r + r ' +4. 4 ' 300 c pot l * ' 
a s 
The dry matter production derived from the periodical harvests is 
plotted in fig. 2 versus the calculated production according to equation 
(3). The data give a linear relationship with a slope of 0. 68, showing 
that the photosynthetic efficiency is less than agrees with the assump-
tions of De Wit. The result indicates» that the mean internal CO, con-
centration is in the order of 95 p. p. m. It must be realized that this 
mean internal value is determined by a very low value during day time 
hours and a high value, due to respiration, during night time. 
The deviation from linearity at the end of the growing season is 
mainly due to the effect of the increasing number of dead leaves, which 
do not participate in the photosynthetic process. This increasing num-
ber of dead leaves affects production in two ways. Firstly, it has as a 
consequence that the internal resistance of the canopy as a whole increa-
ses and secondly it causes a reduction in the photosynthetic efficiency 
of the complete canopy, which might be also partly due to an increased 
respiration rate. 
Using the curves drawn at the end of the growing season, an estimate 
has been made of both effects by means of an iterative procedure. The 
estimated effect of dead leaves on the internal resistance is presented in 
fig. 3, showing an gradually increasing effect on the value of the inter-
nal canopy resistance. The effect of dead leaves on the photosynthetic 
efficiency is given in fig. 4. 
The calculated production of fields with a limited water supply must 
agree with the results obtained from periodical harvests, when the 
approach, given in equation (4), for the calculation of production is correct. 
This approach has been tested for the less frequently irrigated fields 
as well as for the field without irrigation and the results were compared 
with the data derived from the periodical harvests in 1964. Due to the 
reduction in transpiration (ENDRODI and RIJTEMA, 1969) a large varia-
tion in the value of r1 was present. Moreover, the distribution of the 
s ^ 
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Fig. 2. The relation between the production« calculated with eq. 3 and 
the data obtained from periodical harvests 
• 1961 Ubertas 
X 1962 Surprise 
O 1964 Surprise 
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Fig. 3. The estimated relation between the internal diffusion resistance and 
the percentage of dead leaves in the canopy 
300-(C.a)i . . ' ' " '" ' •"• ': 
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Fig. 4. The e8timated relation between the photosyntheticefficiency and 
the percentage of dead l eaves in the canopy 
'69c 18.5/2.9 
number of dead leaves with time differed considerably from the co r r e s -
ponding data of the frequently irrigated field. The comparison of the cal-
culated data with those obtained from periodical harvests is presented 
in fig. 5. The data of the frequently irrigated field in 1961, 1962 and 
1964 are also given. The agreement between the dry matter production 
according to the periodical harvest and the calculated one is good, indi-
cating that a fair approach of the dry matter production of potatoes can 
be obtained, even when moisture conditions are a limiting factor for 
production. 
4. TRANSPIRATION AND DRY MATTER PRODUCTION 
The relation between transpiration and dry matter production is of 
particular interest for irrigation practice, since the optimum irrigation 
gifts with respect to the production can be determined from this relation. 
The evaporation of intercepted precipitation, however, affects this 
relation, as the evaporation (ET) due to precipitation reduces the t r ans -
piration rate. RIJTEMA (1969) gives an approach to eliminate this effect, 
using the expression: 
Ewet 
ETG = E ^ e - ET * ( E r e ' E I ) ( 5 ) 
wet I 
•
 r e 
where E™ is the transpiration rate from the crop, when E . equals zero, 
E the evaporation rate when the crop surface is continuously wet 
and E the calculated real évapotranspiration. 
DE WIT(1958) concludes that, under the humid climatologieal condi-
tions in the Netherlands, both production and transpiration are mainly 
determined by the amount of radiation, so a linear relationship has to 
be present between dry matter production and transpiration, as far as 
no other factors become limiting for crop growth. 
The relation between total dry matter production (P) and the values 
•
 r 
of E T , derived from the transpiration data given by ENDRODI and 
RIJTEMA (1969) is presented in fig. 6. The scatter in the data is very 
large, which is partly due to the different climatic conditions, as well 
as partly due to existing differences between the various variet ies. 
It appeared from the discussion on the photosynthesis of the potato 
crop, however, that the diffusion process highly affects the dry matter 
10 
Measured production 
_x10kg ha 
10 11 12 13 14 15 16 
xKXkg ha J 
calculated production 
Fig. 5. The relation between the calculated actual production with eq. 4 and 
the data obtained from periodical harvests 
+ 1961 l iber tas O 1964 Surprise v 
o 
#1962 Surprise 01964 Surprise v. 
X 1964 Surprise v 3 A 1964 Surprise v . 
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production. V/hen considering the diffusion p r o c e s s as the l imiting 
factor for production it ha s been shown (BIERHUIZEN and SLATYER, 
1965; RIJTEMA, 1966) that a l inear re la t ionship between the total dry 
ma t t e r production and the ra t io t r ansp i ra t ion over mean vapour p r e s -
sure deficit (£, - e ) can be expected, which i s independent of the 
a a 
c l imat ic condit ions. The re la t ion between total dry ma t t e r production 
and the t r ansp i ra t ion - vapour p r e s s u r e deficit ra t io i s p resen ted in 
fig. 7. The r e su l t s in th is figure show, that the sca t t e r in the data in 
fig. 6 i s mainly due to differences in c l imat ic conditions in the va r ious 
y e a r s . 
The relat ion between dry ma t t e r production and the t r ansp i r a t i on -
vapour p r e s s u r e deficit ra t io appears to be prac t ica l ly independent of 
the potato va r ie ty used in the exper iments during the var ious y e a r s . 
The somewhat deviating r e su l t s obtained from the i r r i ga t ed fields 
under the ex t r eme dry conditions in 1959, can be mainly explained 
by the procedure used for the determinat ion of the mean suction in the 
root zone of the c rop (ENDRODI and RIJTEMA, 1969). Large amounts 
of i r r iga t ion water were given a few days after soil sampling, while the 
mean suction during the var ious balance per iods was de termined from 
the soil sampling data. Due to th is procedure the mean suction was 
ser ious ly overes t imated , which resu l ted in an underes t imate of the r ea l 
t ransp i ra t ion r a t e . 
5. DISTRIBUTION OF DRY MATTER 
Though the total dry m a t t e r p resen t at ha rves t gives a good indication 
of the growing conditions, the f a r m e r will be much m o r e in t e re s t ed in 
the yield of those pa r t s of the plant, which a re of economical i n t e r e s t . 
These yie lds , however , s trongly depend on the distr ibution over the 
var ious pa r t s of the plant. The re la t ion between total d ry ma t t e r p r o -
duction and the dry ma t t e r p resen t in the potato tube r s of the different 
va r i e t i e s i s p resen ted in fig. 8. The data presen ted in th is figure were 
obtained from per iodical h a r v e s t s , as well as from some other e x p e r i -
men t s , concerning t iming of i r r iga t ion . The re la t ionship is a l inear one 
in the range of p rac t ica l impor tance . Small differences between the 
va r i e t i e s might be p resen t , but the sca t te r in the data i s such, that 
13 
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Fig. 7. The relation between total dry matter production and the 
transpiration - vapour pressure deficit ratio 
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15 
the relationship can be generalized for practical purposes. The scatter 
in the data of the variety Ackersegen, which were obtained from the 
irrigation timing experiments, show that the moisture conditions in the 
early stages of growth determine to a great extent the amount of dry 
matter present in the canopy. 
The relation between dry matter present in the tubers and the fresh 
weight production of the tubers is presented in fig. 9. This relation is 
different for the given variet ies. The high level of dry matter production 
of the variety Libertas, which was obtained in these experiments, did not 
result in a similar high level of fresh weight yield, but in an increased 
dry matter content of the tubers. When determining the effect of t r ans -
piration on fresh weight yield, it will be clear from this figure that the 
relation between dry matter production and fresh weight production 
depends on the variety used. 
It must be realized, however, when determining the effects of drought 
on the potato yield, that the crop was grown either for industrial purposes 
or for human consumption. In the first case the dry matter production 
gives a better indication of drought damage, whereas the fresh weight 
yield it does in the latter case. 
6. CONCLUSIONS 
The method for the calculation of photosynthesis of leaf canopies, as 
proposed by De Wit, gives only a fair approach to the production of a 
potato crop, when a modification is applied. This modification includes 
the effect on photosynthesis of soil cover, the resistances in the CO-
diffusion path-way and the efficiency of the crop, with respect to respi-
ration. 
The diffusion process affected the dry matter production highly, par-
ticularly at the end of the growing season, when the number of dead leaves 
increased considerably. 
The proposed modified method did also give a good approximation of the 
actual dry matter production, when water supply was a limiting factor for 
growth. 
The relation between dry matter production and transpiration depends 
on the climatologie al conditions during growth. 
16 
1
 Thé' linéaf -relation between -dry matter production and the. t ranspira-
t ion-vapour pressure1 deficit ratio is independent of the.j climatologie al 
conditions. Differences in variety didvnot affect this relationship. 
Differences in the maximum production of the varieties is mainly 
determined by the length of the growing..season. „_ ..... 
For practical purposes a linear relationship can be given between 
total dry matter production and dry matter, present in the tubers. This 
relationship holds for different variet ies. :> 
The relation between dry matter production and fresh weight yield 
of the tubers depends on thévar ie ty . 
7. SUMMARY,
 ; i : C r . ,. ' 7'. ,.. 
. . . ' . , - < - - . i . V . v.' • 
A discussion.of the net photosynthesis of a potato crop was given. 
It appeared to be possible to calculate the actual dry matter production, 
•••••••• ••-'•' ; j i ' f j . ; . "-•:•• , noi'ir. :•. . • •. 
even when water supply limited growth, using a modification of the 
procedure proposed by DErWIT(1965). . 
The relation between^ transpiration and dry matter production was 
dependent on the çlimatological conditions during growth, but not on 
specific dif^e.rences between the varieties used in the experiments. 
The distribution of dry matter over the various parts of the plants 
was discussed. 
17 
8. REFERENCES 
BIERHUIZEN^J , F. r and R. O, SLATYER. 1964. Photosynthesis of cotton 
leaves under a range of environmental conditions in re la t ion to 
in te rna l and external diffusive r e s i s t a n c e . Aust r . J .B io l . Sei. 17: 
348-359. 
: —, I965. Effect of a tmospher ic concentrat ion of water vapour 
and CO- in determining t r a n s p i r a t i o n - photosynthesis re la t ionships 
of cotton l e aves . Agr ic . Met. 2 :259-270 . 
ENDRODI, G, and P . E . RUTE MA. 1969. Evapotranspira t ion from pota-
t o e s . Inst, for Land and Water Man. Res . Nota 497. 
GAASTRA, P . I959. Photosynthesis of c rop plants as influenced by light, 
carbondioxyde, t empe ra tu r e and s tomatal diffusion r e s i s t a n c e . 
Med. Landbouwhogeschool 59, 13. 
RIJTEMA, P . E . I965, An analysis o,f, actual évapotranspi ra t ion . Agric . 
«'^ •^t-;iBtieOBtqRepi 6 5 9 : 1 - 1 0 7 . . , n i ; : j , , , 
r!' i1
 t >:nl966i«, Transpi ra t ion and production of c rops in re la t ion 
to c l imate and i r r iga t ion . Inst, for Land and Water Man. R e s . , 
'Techh.Bulb no*44.
 ; q , 
"""'•', I969« On the re la t ion between t r ansp i ra t ion , soil phys i -
ca l p rope r t i e s and c rop production as a bas i s for water supply 
p lans . Inst; for Land andrWater Man,-Res.,, Techn, Bull. no. 58. 
WIT, C. T. UE. 1958. Transpi ra t ion and c rop y ie lds . Ver s l . Landbouwk. 
Onderz. 6 4 . 6. 
, 1965. Photosynthesis of leaf canopies . Agr ic . Res . Rep. 
6 6 3 : 1 - 5 7 . 
18 16/0269/50 
